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s˜(t) =
1
π
p.v.
∫ +∞
−∞
s(τ)
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s2x(t) + s˜x
2(t)
>H&R@
Syn(t) =
sy(t) + js˜y(t)
s2y(t) + s˜y
2(t)
. >H&EF@
3$ "  ! !  ej∆ϕ(t):
ej∆ϕ(t) = cos(ϕy(t)− ϕx(t)) + j sin(ϕy(t)− ϕx(t)) >H&EE@
= Re(Syn(t))Re(Sxn(t)) + Im(Syn(t))Im(Sxn(t)) +
j(Im(Syn(t))Re(Sxn(t))−Re(Syn(t))Im(Sxn(t))). >H&E?@
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 s(t)(   !7!" "  #! # $ τ 
#/! f  4 ":
Ws(τ, f) =
∫ +∞
−∞
s(t).Ψ∗τ.f(t)dt, >H&E6@
    #! Ψτ.f(t)  #/! f  $ τ " 4  
Ψτ.f(t) =
√
fexp(i2πf(t− τ))exp
(
− (t− τ)
2
2σ2
)
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$
ϕ(τ, f) = arctan
(
Im(Ws(τ, f))
Re(Ws(τ, f))
)
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K2XY (f) =
|〈CXY (f)〉|2
〈CXX(f)〉〈CY Y (f)〉 , >H&EP@
 CXY (f) = X(f)Y ∗(f)( CXX(f) = X(f)X∗(f)( CY Y (f) = Y (f)Y ∗(f)( X(f)  Y (f)  
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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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CXY (f) "  3 "#$ #  ! #!:
CXY (f) = X(f)Y ∗(f) = F
(∫ +∞
−∞
x¯(t + τ)y(τ)dτ
)
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sx(t) = (cos(2π13t) + cos(2π22t))/2 + σζ(t) ∀t >H&ED@
sy(t) =
⎧⎪⎨
⎪⎩
cos(2π6t) + σζ(t) ∀t = 1fs ... ttot3
cos(2π13t) + σζ(t) ∀t = ttot3 + 1fs ...2ttot3
cos(2π17t) + σζ(t) ∀t = 2ttot3 + 1fs ...ttot
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x˙1 = −w1y1 − z1 + 
(x2 − x1)
y˙1 = w1x1 + 0.165y1
z˙1 = 0.2 + z1(x1 − 10)
x˙2 = −w2y2 − z2 + 
(x1 − x2)
y˙2 = w2x2 + 0.165y2
z˙2 = 0.2 + z2(x2 − 10)
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Sine waves. No noise; no filtering. Window length: 0.25s.
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Sine waves. No noise; no filtering. Window length: 0.5s.
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Sine waves. No noise; no filtering. Window length: 1s.
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sx(t) = (1 + 1.5ζ(t))(cos(2π13t) + cos(2π22t))/2 ∀t >H&?E@
sy(t) =
⎧⎪⎨
⎪⎩
(1 + 1.5ζ(t)) cos(2π6t) ∀t = 1fs ... ttot3
(1 + 1.5ζ(t)) cos(2π13t) ∀t = ttot3 + 1fs ...2ttot3
(1 + 1.5ζ(t)) cos(2π17t) ∀t = 2ttot3 + 1fs ...ttot
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Weakly coupled Rosslers. No noise; no filtering. Window length: 1s.
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Strongly coupled Rosslers. No noise; no filtering. Window length: 1s.
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Weakly coupled Rosslers. No noise; no filtering. Window length: 5s.
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Strongly coupled Rosslers. No noise; no filtering. Window length: 5s.
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Weakly coupled Rosslers. No noise; no filtering. Window length: 10s.
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Strongly coupled Rosslers. No noise; no filtering. Window length: 10s.
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sx(t) = (cos(2π13t + 0.23 ∗ 2πζ(t)) + cos(2π22t + 0.23 ∗ 2 ∗ πζ(t)))/2 ∀t >H&?6@
sy(t) =
⎧⎪⎨
⎪⎩
cos(2π6t + 0.23 ∗ 2πζ(t)) ∀t = 1fs ... ttot3
cos(2π13t + 0.23 ∗ 2πζ(t)) ∀t = ttot3 + 1fs ...2ttot3
cos(2π17t + 0.23 ∗ 2πζ(t)) ∀t = 2ttot3 + 1fs ...ttot
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sx(t) = (cos(2π(13 + 0.009ζ(t))t) + cos(2π22t + 0.23 ∗ 2 ∗ πζ(t)))/2 ∀t >H&?I@
sy(t) =
⎧⎪⎨
⎪⎩
cos(2π(6 + 0.009ζ(t))t) ∀t = 1fs ... ttot3
cos(2π(13 + 0.009ζ(t))t) ∀t = ttot3 + 1fs ...2ttot3
cos(2π(17 + 0.009ζ(t))t) ∀t = 2ttot3 + 1fs ...ttot
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Weakly coupled Rosslers. No noise; no filtering. Window length: 15s.
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Sine waves. No noise; no filtering. Window length: 1s.
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SCGglobalx = (−4(BP (F7) + BP (T 7) + BP (P7))
−3(BP (Fp1) + BP (FC5) + BP (CP5) + BP (01))
−2(BP (AF3) + BP (F3) + BP (C3) + BP (P3) + BP (PO3))
−1(BP (FC1) + BP (CP1)) + 1(BP (FC2) + BP (CP2))
+2(BP (AF4) + BP (F4) + BP (C4) + BP (P4) + BP (PO4))
+3(BP (Fp2) + BP (FC6) + BP (CP6) + BP (O2))
+4(BP (F8) + BP (T 8) + BP (P8)))/BP (El)
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SCGglobaly = (−4(BP (O1) + BP (O2)) − 3(BP (PO3) + BP (PO4))
−2(BP (P7) + BP (P3) + BP (Pz) + BP (P4) + BP (P8))
−1(BP (CP5) + BP (CP1) + BP (CP2) + BP (CP6))
+1(BP (FC5) + BP (FC1) + BP (FC2) + BP (FC6))
+2(BP (F7) + BP (F3) + BP (Fz) + BP (F4) + BP (F8))
+3(BP (AF3) + BP (AF4)) + 4(BP (Fp1) + BP (Fp2)))/BP (El)
>I&P@
SCGglobalx = (−4(BP (T 7) + BP (P7))− 3(BP (FC5) + BP (CP5))
−2(BP (C3) + BP (P3))− 1(BP (FC1) + BP (CP1))
+1(BP (FC2) + BP (CP2)) + 2(BP (C4) + BP (P4))
+3(BP (FC6) + BP (CP6)) + 4(BP (T 8) + BP (P8)))/BP (El)
>I&Q@
SCGglobaly = (−2(BP (P7) + BP (P3) + BP (P4) + BP (P8))
−1(BP (CP5) + BP (CP1) + BP (CP2) + BP (CP6))
+1(BP (T 7) + BP (C3) + BP (C4) + BP (T 8))
+2(BP (FC5) + BP (FC1) + BP (FC2) + BP (FC6)))/BP (El)
>I&D@
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2. Division by standard deviation
artifact−free window
3. Application of 1−40Hz Butterworth filter
4. Subtraction of median−filtered signal
5. Application of averaging filter
NoYesYesNo
Artifact ?
Fp1−Signal 1. Mean Subtraction
Preprocessing
Preprocessed Fp1−Signal
Artifact Detector
+
ArtifactNo Artifact No Artifact
Amplitude > Threshold ?
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W (n + 1) = (1− γ)W (n) + µe
3(n)r(n − 1)
‖r(n− 1)‖2 >P&E@
e(n) = r(n) −WT (n)r(n − 1) >P&?@
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